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征峰使其很容易被区分开，同时在 7703 细胞中出现了归属于 NADH 和 FADH 这














































Cells are the basic unit of life activities and the basis of composing all organisms 
(except for viruses). The development and prognosis of all diseases always begins 
from the abnormal changes of cells. At present, the overall and ultrafine structure of 
cells is  essentially clear, and the cell research has also grown from a single cell into 
sub-cellular and molecular level. However, there are still many unresolved problems, 
such as the relationship between cell depravation and disease. Therefore, it is very 
important to establish and develop techniques for cell analysis , detecting cells in situ 
and studying the changes of structure, component and quantity of biomolecules in 
various cells for disease research, especially cancer pathogenesis.  
Surface-enhanced Raman scattering (SERS), a kind of optical enhancement 
effect based on nanoscale rough surface or particle system, can be used to obtain the 
finger-print information of the structure and chemical composition of materials at the 
molecular level for its high sensitivity. It is considered a very promising analytical 
technique. In the practical application of SERS, clean and uniform SERS substrates 
with strong enhancement effect are highly needed. However, it is still a great 
challenge to realize all these requests. If it is possible to use use this kind of substrates 
to detect SERS signals of cells, such as liver normal and cancer cells, it is possible to 
provide some important information for cancer diagnosis and pathogenesis.  
This thesis is aimed at preparation of clean and uniform SERS substrates with 
strong enhancement effect to identify normal and cancer cells. The main results are 
listed as follows: 
1. Three methods were compared to prepare gold nanoparticles (GNPs) with 60 
nm diameter, i.e., hydroxylamine seed-mediated growing method, trisodium citrate 
reducing method and trisodium citrate seed-mediated growing method. GNPs with 
uniform size and shape distribution were obtained by using hydroxylamine 
seed-mediated growing method. Furthermore, these GNPs tend to assemble on the 
substrate to form SERS substrate with compact and uniform structure with strong 
SERS effect.  
 2. In order to remove impurities from the SERS substrates, the effect of 
cleaning time during the oxygen plasma cleaning and the solutions used for 















3. SERS spectra of cell membranes of normal liver cells (QSG-7701), cancer 
liver cells (QGY-7703) and cervical cancer cells (CaSki) were obtained. At least  
four characteristic Raman bands for each cell can be used to discriminate cell types. 
The band at 723cm-1, only detected from QGY-7703, is attributed to NADH and 
FADH that can enhance the capacity of cell metabolism. SERS can give a more 
powerful evidence to prove that cancer cells, especially liver cancer cells, have a 
stronger metabolism. 4. SERS also can be used to detect the state of cells. When cells 
are dying, the number and intensity of Raman bands decrease and some of them even 
disappear. The fact that the signals of nucleic acid and base also were obtained 
indicates the cells have broken and thenucleic acids were degraded and released from 
nucleus. In QGY-7703, Raman bands, 1604 cm-1 and 723 cm-1 disappeared, which are 
attributed to proteins and NADH/FADH separately, as an indication of life and the 
ability of metabolism. Their disappearances prove the death of cancer cells.  
In conclusion, we fabricated clean and uniform substrates with high SERS effect. 
The substrates were used as SERS substrate to discriminate  normal liver and cancer 
liver cells. We also found obvious different for different cancer cells. The ability of 
SERS to distinguish cancer cell from normal cells, can be used for  early diagnosis 
of cancer and study of cancer pathogenesis. 
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第一章 绪 论 
的各项生理活动。 
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